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dINTRODUCTION

f This technical note presents formulas suitable for the calculation

of the projected areas of arbitrary, axially symmetric surface sections

for a flared-cone figure. The formulas apply to aspect angles ranging

from 0 to 90*, measured from the symmetry axis. Derivations are

included. These are partially based upon work contained in the

Brown Engineering Company Technical Note R-18 titled "Projected

Areas of Axially Symmetric Surface Sections for Several Geometric

Figures", (May, 1962).
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SPART I PRELIMINARY DERIVATION

Figure (1) illustrates the flared-cone configuration dealt with in

this report. For convenience, the locations of the bands whose

projected areas are to be found will be specified in terms of the

distance from the front cone apex. As indicated in figure (1), the

unprimed h's are distances measured from the front cone apex. The

primed h's give the distances from the rear cone apex position.

Subscripts 1 and 2 refer to the front and rear band borders, respectively.

The relationship between measurements in the h and h' systems is

derived with the aid of figure (2):

h I  = h I ' + z h i t h I - z (1)

Q + Z h 0 1  (2)

tanot I DI Z DQ (3)
2 (Q + Z) 2 tan&I

D D
tan : o LQ QD: D. (4)tan 2 ZQ 2 tan f

Substituting the value of Q from equation (4) into equation (3) gives:

Z : DI D i  
(,)

2 tan ot 1  2 tan o 2

!2
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hoi hl h2  h0 2
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Substituting this value of Z into equation (1) gives:

h h D(cot -cotod ) (6)I
Since D ho tan t1 , (7)

Iequation (6) may be rewritten:

hi' = hI - h0 1 tano X (cotOel "coto 2 ) (8)

or, dropping subscripts, we have for the general case:

h' h -h 0 1 tan O (cot O -cot 0 (9)

I5
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I PART 11 FRONT CONE PROJECTED AREAS

Projected areas for bands lying on the front cone may be calculated

with the aid of the equations derived in the May, 1962, report referred

to in the introduction.

A W 7 tanzot I cos (~h 2
2 - h 2) (10)

o KIh01 h2 1 (11)

A (h2 2 -hl ) tan~f tanOf cos 0

sin2 ~ - ta 2 ocC S 0
(7r - sin o) 1

sine

(sin2 e - tan2 ot 1oo /) 2i

0( < < 5 goo h 0 1 ? h 2 > h 1  (13)

6
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I PART III REAR CONE PROJECTED AREAS

I III a) Figure 3 illustrates that for aspect angles less than or

g equal toCX V the front cone does not obscure bands lying on the rear

cone. Sincea 2 > O( 1' this case may be dealt with by the method

Iof ellipse subtraction. Formula (10) may be applied directly.

A = 7 tan 2 z cos 9(hz' -h 1 ) (14)

or, in the unprimed system,

A = ?tan 2 a 2 cos 0 [(h2 - ho1 tan C 1 [otoc1 - cot(2 )2

- (h I h 0 1 tan "1 [Cotol - Coto(2] (15)

0 0 40 h 2 > hi I- h 0 1  0(2> (lu)

I
III b) For C < a 2 - 

, we have the case illustrated in

figure (4). This case is distinguished from case III a) by the fact

Ithat in the projected view, the front cone apex is found on the rear

cone projected surface. Rear cone band borders appear as non-

intersecting ellipses.

!7
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Three distinct subcases occur for this range of 0:

III b) (1) The projected apex point of the front cone may

lie inside both band borders.

III b) (2) It may lie on the band.

III b) (3) It may lie outside both band borders.

Since the projected areas for rear cone bands depend upon pro-

jected apex location, the relationship between h, e, ' 1, 1r2' (where

h corresponds to the position of the projected apex point) is derived

with the aid of figure (1).

tan0 hL tanO 2 : (17)

h I tan 0 = hi' tanOt (18)

hi' tan ot 2
tan V = hi (19)

or, dropping subscripts on h,

tan 0 = h- ho1 tan t1 (cot O 1 - cot [ h (20)

I 0= tan- [h" ho ta Cc co 0C ct- (!1)

0

10



The analytic conditions on e defining the three subcases listed

above are:

III b) (1)

o = tan 1  h1 - h0 l tan 0 (cotO 1 -UcotX) [tan Ck 3

04I < e0 0(z  h ) h I  1 h0 (23)

III b) (2)

-0 1 [ htan1 i)tan t I1 ho1 tan° 1 (cot c~l "cot¢ zj Lh J < o

<tan' 2[h? - ho1 tan CkI (cot O1 - cot g 1]1tan ]
C 1 I < o hz > h I ho0 (Z5)

III b) (3)

tan [h 2 - h0 1 tan t (Cot C - cot o°) h 0 (Z6)

2~ 1 01<0 Ot h z > hI !ho 01(7)

I
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The case III b) (1) may be treated by ellipse subtraction:

A ittan2 o( co r [h-htan x(cot OccotMJ)]2

-[h 1  h01 tano (cot 1 - otO )]2) (28)

9 tan [h h 0 1 tanaI (cot of cot X] [ ] (29)

CI <8 o -- c2 h > h h 01 (30)

The case III b) (2) is dealt with by calculating the projected area of

the band by ellipse subtraction and then subtracting from this result the

area of the apex falling inside the band (figure 4), thus:

A = 7rtano, OCos 0([h - h tan (cot oL cot()]2 2L 01 '

1 "[h 0 1 tanc 1 (cot 0 1 - cot °) 2 A' (31)

1 -l r )] tan OCz
tan [h" ho1 tang 1 cot OL cot OfJ t 0

"tan 1  [h- ho tanc1 ( cotcx1 -cotoc( tan J (3Z)

Otl < 0 of 2€ 11 2 h I >- hol1 (33)

where A' is the apex area falling within the projected band.

12



To calculate A', we write the equation of the projected apex line

and the equation of the inner-band ellipse and integrate (figure 4)

between the line and the ellipse:

Yzl

A' = 2 (Xfcl - Xeh l ) dy' (34)

0

where the subscript fcl denotes front cone line and eh1 denotes the

ellipse corresponding to h .

With the origin of coordinates at the center of front cone base

ellipse

I
X fcI = mfclY+Cfc 1 (from equation (14), May 1962 Report) (35)

where rnfc and C fc refer to the front cone line projection.

In the same coordinate system, the equation of the ellipse is:

(X+W) + y(6

a b'2  =1 (36)

or,
a1

X eh I = b y W (37)

I

13
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With these substitutions for Xfcl and X eh, the integral A' becomes:

A' = 2 mfc +fCf
c  [ 

(b '2y) .WJ) dy (38)

0

Yzl Yzl Yzl 1

{ydy + Z c y zL ( - 2 2d
Mfc0 f fd b y

0 0

Yzl

+ 2W f dy (39)

0

which, when integrated, gives:

__A' z 2 C - [yzl(b' - yz2) + b' 2 sin- (_ )]A' Yzl Zfcl YZl bf

I 4 2Wyzl (40)

I The remaining part of the solution consists ol expressing Cfcl,

a , b', W, mfc1 and Y in terms of C 1 IC 20, hI, and h0 1 .

We have:

I Cf 11 sill 0 (41)

I a' 1 I' tanotX cos 0

I h1 -h tan 1 ('L otc OC cot~i a tall lecos 0 (42)

I

14



bI =-h ' tan 01 [h I  h0 1 tanc 1 (cot O I -cotc)] tancx, (43)

W = (h - hol) sin 0 (44)
1 01

b2 /7  tan( 14

2fcl22 2a22

(sin 8 - tan201 cos 2 0) 2
1

Since y Z is the y coordinate of the point of intersection of the

projected ellipse corresponding to h I and the projected cone line

corresponding to the front cone with altitudes h0 1 , we solve the

equation of the ellipse and cone line simultaneously to obtain yz1"

I

11

" z I -b (b'2 Yz) I. W (46)

X zl mfc Yzl C fcl (47)

1 a' __

mIYzl + Cici (b ,2  2 W (48)

l_. l+ Cc I + W : _._(b, 2 .y2)2 (9fcl fcl -y Z

mfcl b' zl

I

15



Squaring both sides of equation (49) gives

22

a' 2  a'z 2

(50)

or, teninorarily dropping subscripts for economy in writing,

+ 2L Yl2 + -( + W) Y1 + C+W ' 1 0(1
bIz m L(+)~ ' (1

The solution of this quadratic form is:

-11±B (B2 - 4AG) 2  (52)
ZA

where:

B = 2 (C + W) (54)
m

G (CGfW) 2- a' (55)

16



yz1

fzi (c + W) f '- (CfcC + W)+2
m 17 2;

m + m

Y'zI mflmfl2 b2 Cc+W) b2 (57)

I az

mfclb

where the negative sign before the radical has been chosen to yield the

smaller positive solution (see figure 4).

The case III b) (2) may be summarized:

A = irtan 2 cos 0 h - h0 1 tanO I cotof 1 - cot 02)

[h, -ho tan (cot t-cot)1 22 1

-Z C ~y l - b'zl'

b' J zl

tan ! - h tanOl Coo( tan O

< tan- {[hz - h0  an4I (cot=o - coto[,)] [an]2 3  (59)

17



0:1 <2 h 2  0h 1 hol (60)

i where

Ial [ h I- h 01tana ( cot~ a - cot or1 [tan Oe cos 61 (61)

I
b= [h I- h1tanC( (cotcX - cotaf) tana 2(62)

:fcl = h01 sin 0 (63)

W = (h I - h0 1 ) sin 0 (64)

m - tan 11 (65)

(sin 0 - tan 2 0a 1 cos 2 0)7

(Cfcl -f W) a' 2  a' 2  a4 2

Mfc b' T  fcl bZ
fc c (66)

(+ 1)
mfl2 b,2I mfi b

In case III b) (3), illustrated in figure (5), the front cone apex point

falls outside both back cone borders. The solution for this case may be

Iobtained directly from the solution for case III b) (2) by the use of

I appropriate subscripts.

I18

t1



YY

19

IFIGURE 5



A Wftan'~cc Cos 0 h- h-a ctC cot ce)kAh 0 1 tn 1 (oa

[h h Itan a 1 ( cota Of cot )])

YZ a (b 1
2 - 2

ma fc 1 1 L 

b 1 ' s i n bI ' + 2 W l Y z l -c +Z1C f c l z l

I 1 2CY )
I - ,[ ( , - yj ~ i -1 Y.jj. 2w~ya (67)

I tan' Z[h "o tdnt I (ota 1 -~t 2 ] ht2~j e(8

Ct f a h 2 > h  h (69)

I where

I h ho - tana ,,cot cot )] [ n Ot .cos . ] (70)

I [h , hol tan , ( -, ot - cot Ck It)] ,ll O 2 ] (71)

1a2  h 2 -h tan l OL" ct a ] [tanf cos (72)

[1 h hu tana (c ot CX~ cot ot,) Lal Of (73)I

,I_
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C = h sin 8 (74)fcl 01

W = (h I -h 0) sin8 (75)

W 2 = (h 2 - h 0) sin 8 (76)

mfcl 1 tan C 1 (77)

(sin 8 - tan OI cos 2 0)2

I1
Cfcl + W I) al12  W )2+a114

Mfcl ILmf , 1
2  b',lz (Cfcl4 I l 2  bl1z

Yzl (78)Fc - (Gc

C + w1 itz a 21
fcI dW! ) -2 ,2 (Cfcl +r W 2 +

Mfcl 1Lmfcl 2 b b 2

y v 2 =/ 1 f a 2 ? (79)

fcl )

III c) For OE 2 < 0 ' 90(' the equations listed in the May, 1962,

report apply. Hlowever, special consideration must be given to bands

tha are partially obscured by the straight line portion of thv proje~cted

frn oeFigure (6) illustrates the three possibilities for this range of

~aspect angle.

if -- mcl I 7 (f+ 2



2 < e 900
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III c) (1) Band not obscured by front cone.

III c) (2) One band border falls behind front cone.

III c) (3) Both band borders fall behind front cone.

These three cases may be analytically defined by the following

relationships:

III c) (1) YL2 > YLI = Yq (figure 7) (80)

CI c) y L2 ?' > YLI (figure 8) (81)
IIc)(3.) yL2 > q "  L

III c) (3) yq > YL2 > YLI (figure 9) (82)

where yLZ and yLI are the y coordinates of the points of tangency of the

rear and front band borders respectively with the straight portion of the

rear cone projection, and yq is the y coordinate of the point of intersection

of the straight line cone projections.

Case Ill c) (1), figure 7, may be treated by formula 33, May, 1962,

report. The condition

YL2 > YLI yq (83)

may be expressed in the form (from equation 31. May, 1962, report)

I I
b2' ( 2 2' > i 2 -22 >
-C-  _ (CI' - a) y i (84)

y is obtained by writing the equation of the two straight lines in the
q

same coordinate system and solving simultaneously. Taking as the

2
I z



YL2)YLII yq
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origin of coordinates the center of the front cone base ellipse, we have

for the front cone line

Xq .L yq+ (85)q MfCl q fcl

where the subscript fcl refers to the front cone line.

For the rear cone line equation we have:

1 q I y + Crcl (86)
r cl

or

X y q+ Q sin 0 (87)
q mrcl q

Equating equations (85) and (87)

1-Yq -1 Cfcl = I1 q Q sine0 (88)
Mfcl Mrcl

Q sin 0 Cfcl
y q= I1(89)

Mfcl mrcl

whe re

Q=tan Ct (h 0 1 ) (figure Z) (90)

25



I Summarizing case III c) (1), we have

A (h' h i  tan -a 1  tanc cos

9! 2 ) 2a~

I1 rin- .[(sin e - tan Ot o
sine

(si 2  - tan 2 , 2 coZ 9) 2 (91)

O4 2  0 900 h2 > h h 0 1  (92)

l 1 bi 1 sin - C

-(C, ' cil(C, al z ) 2 > fcl(

mfcl m rc 1

Iwhere

I hi, h -h 0 1 tanOf (cotOf I- cot t 2 ) (94)

I(
h2 tan, [, Ico , cot ,oo3 ) (95)

a h1 - h0 1 tana 1 (cotot cotO)] [tana.Cose] (96)

[h - h tan, (cotO 1 -cot a, tano (97)

6
01
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bZ [hZ - ho I tan cc 1 cot a - cot a] tan oe (99)

[ I Ih 1  h h0 1 tan 1t I cot 01  cot Of)] sin e (100)

-z h hol tan Oe (cot C1 - cot Of,] sin80 (101)

CfcI  h sine (102)

tansa

mfl 1 (103)
2 2 2 2

(sin 9 - tan I cos 2)

(sin2 0 tan2Oi cos2 z)

tan 0t (1S5)

Q! J ( 105s)

tana o 01

I
Case 111 c) (2), figure 8, may be dealt with by subtracting from

the projected band area given by equation (91) the area obscured by

the front cone, given by

A' 2 f (Xrcl - X ehl) dy 4 (XfcI - Xehl) dy (106)

YLI yq

I! 2



I YL2 y q > YLI

YL

IY

IyetY~

Z8

FIGURE 8



where

rcl and ftI refer to the rear cone line and the front cone line,

respectively.

eh 1 denotes the projected ellipse corresponding to h I.

YzI is the y coordinate ot the point of intersection of the front

cone line projection and the projected ellipse corresponding to h .

YLI' YL' YqP and y have been defined by equations (84), (89),

and (57).

To evaluate the integral, we choose as the origin of coordinates

the center of the ellipse corresponding to h . In this system we have:

11

all z z
Xehl b (b l - yl (107)

bI

I
Xfcl mI-y4 C +fc + P (108)

mf fc

I
fe Iyl hi sin 0 (109)

To obtain the equation of the rear cone line projection in the eh

coordinate system, we write:

x y + Crr ! V (110)
rcl m rcl

29



w hi c C: l' 10 sill 8 n (111)

t and V (h 0 2 - hI) sin 0 (112)

so that

c - V = hll sin 0 (113)

Igiving
Xrcl y + h I l sill8 (114)

IWe may now evaluate the integral for A'.

Yq Yzl

A' = L/xrt l 
- Xe)dy 4 (Xfc - Xehl) d y  (115)

)L f( rcl 1el I 1 fJhYLI YI

L y z

yq I

-- y 4 hl' sin - all (bl! ) ldyI ) , r c l b i g_ -d

Y11
Y 4h 1  si ll - al- (116)

f 1w

yq

3
I
I
I
I30
I



A '1 Y j 2 I ( 1 ' Sill O)y Yq

A' ~ 2 LI YLI

aL Yq fcl y 2

4 - 1' - 2 dy + 1 + (h1  sin 0)y

Y LI Yq yq

a, (bl Y ,1  (117)

Ic Y qI

A' 2(Ii' Sill 8) (y - Y I

Yn q(I 1 4 bil sl 1

I ~ ~ ~ Z (I~l> 22 2-

- [ I ( h I sil (y zj}

b YI YZh sit))( -

(1) 1. qzh l il

- q [YII y- 1 m j J (118)



or 2 2

A' Yq? (h sin O) (y q - YLl )

mrcl

+ bi' l . (bI'z  YLI bi' -1

2 L1 62 1' sin (

- yZ (b,' - Z ) + b ' 2 sin 1 (Y )]

2 2
YzI- Yq

+ (h I sin 8) (y Z - y ) (119)

Summarizing case 111 c (2), we have

A =(h 2' - h l' )tan tanCO cos 0

- I (sin - tan 2 a C O 
)

L sin 0

I (

+ (sin 0 - tan2i cos - (1 YLI

rfrcl

1 ( i n 0)m O (y q 'Y II ) I ( [ LI (bl ' Z  - YL

"+b sn b ,  Y l+b 'sin' (bl

+Yzl m -yq] 4 t (h I s in O) (y z - yq) (120)

32



0 > I1 (121)
1 1

b~~l 2 2 > Q i - Cfc1( C21al b1 ' 22-a2 '  > - C 1 ' 2 -a 1 ' ) (122)

I mfcl mrcl

Iwhere
h l' = h I - h tan a ot-a " cot r (123)

I
= h -h tan (cut 0 cot ) [ (124)
2 2 01 1 \ 1 2

a 1' [h 1 - h 0 1 tanC 1 (cot 01 -cotO1 tanO 2 cos 0] (125)

b I I h1I - h 0 1 tan OL I (c o 1cot 04] tan 0( ] (1 26)

a = h - h0 tan Of cot C .cot Cr] [tana2 cos 0 (127)

[ 0 1 t 1 -ota I - Ot ')] [.tan O (128)

1

C2' [h2 - ho, tana C(cotci - cot O2L) sinG (130)

c holI sin 0 (131)

tan C 1k

nifcl (sin 0 t- tall C (-os (132)

Ii

I
4



tall OrIlrc't - -l 1__________ 133)
) )

(sill' " - tanlc os -

tan 1 (h0 1) (134)

tan Q

y ' 1 1b (c ' - a (135)

L I

Y Q in - C7 (13)q I - a1

Yq = _ .m 0 If (136)

Ifc rcl

hz sin - all0 a (
1 - 1" - --- lhI Sill 8)1! a

I t (137)

I a
ii bI

Cast! III ) (3), figure 9, which is th, lined by the condition

Yq > Y > Y (138)

may be I ttt'td by .ubt ract ,iw I rorn the p)rojected band trva riven by

equati on (91) tlt. area obtstcrt'd by the front cone, givem by

A' .' L ! (\, I ) ly 01 xJ h I d9

Y z l I

V 1
I, f' ( xt 11s91

t'h 'I



y q> Yt2 >

yQ

IL

35
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All integiration limits, with the ecXLeption of y ZZ, have been

I defined above.

Yzis defined by equation (137) with a change of subscript.

h i [a/ a' hsn0 1 1
2 41 2

IZ Yc fcl b2b 10

m fc bit (10

X rland X f1have been written above (case III c) (2)) in the

coordinate system with the origin at the center of the projected

ellipse corresponding to h.

IX rcl m Y+ h 'siin9 (141)

X -yl + h sin 9 (142)I fci '~fc1

IFor X eh 2in the above c oordinate system, we write

I eh 2 -2 - (b/ - y) . (143)

where

11 (h 2 -h 1 sin 0 (144)

1 36



With the above substitutions

Y Z
A' = 2 j l y+hIIsin 6 (bl; - y2) 2 dy

IL M rcl b 1 '

y 21

I Yz 1 1

+ [ 22 - ii I (dl'b Z)
£ dy

yIYL2

I y 4 1 s in - -- (h1 ' - y ) d y ( 14 5 )

I
IA' - Lr2 l __ (h l' sin O) y (B' '

I YL L LI

a ,-; -"

b 2' ) - - bit 1- y ') -dy

I I b ,

I , Y~~Y z iYl Y 1

A-l R 2 4 (h I si )y (b 1  2 y d (146

I YzL-YYidj

I

I
I '

I



A'- = _ -2
nir.I(ylZ, - YLI2) 2(1h1' sil f( YL2 I

b 1 1

+ d' ( ') 2 b 2  sin 1  (LLz?
bl' z~L Z~-~ 2 Ibl

- I (b ' -2 + bi sin-1I YLZ

L 2l 2 YLi ,in b

a' Y

bf( Zy2 (b 2 ' -- ! y2  (b + , 2 sin 2 t i-

[YL2b2 12- ~2 + ' Ifl Z
2 b'in T

-L I +u - Z

I (y~ L ) b 2 y 2) + I2 sin8)(

I __1

Z2 I b it

I~~ I LL- I~22 2 lY

1 1 bi 2 21 z
m f 2 zi Z ) + 2(h sill ( .-- 1 7



A'- I 1 2) 1 Z(h1 ' sin 8)(yL! - YLI

tc 1r, (Y 2 2 I

+ I Y 2) + 2(h sin 8) (y " yz) " 2Y(Y " ym fcl z Z2 Z2 L

a 

L+ (b 1  Li + b1 ' sin (L ]

b I I 2 lL 1 -
I-z b' - -1 (yi

blZ Y2~l - IL hiY lSLzl1}

b - (b y b,' sin 2

- FY ' Y~b - Yz ) jl ( b s 1n (148)' -'y2 Z" b2,

YL ' ( b )'  Yl, b, sill I -T-- (148)Ib

Summarizing cahe III c) (3), we have

I 2
A (h, '- i) tailA al cos 0

-I ~ ~(sin" 8 - tan0 c, 'os" 0)

- Sin l (149)t sill 0

I (sin" 0 - tan2- , 'O ) - A' (defined by equation (148) ).

I

I

I



Qsin8- fclI b2 > " b 1 i
1 1 >(C( ' 2 1 al ' ) (151)

m fcl - rcl

I where: is defined by equation:

f h i t (1M3)

h 2(124)

a 1 (125)

b' (126)

a. (127)

b3 (128)

C' (129)

c z  (130)

mfci (132)

I mrcl (133)

Q (134)

I YLI (135)

YL2 (84)

y (136)

Yzl (137)

Yzz (140)

1(144)

I A' (148)
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PART IV SUMMARY OF EQUATIONS

I FRONT CONE (h0 1  h 2 > ho)r >

a) 0 = 8

A =7Ttan O.1 cos 0(h - h5

b) O 1 < 0 90

-2 (
A = (h 2  h tan0l, ytanaCt cos 0

I sin

+ (sin 2 O - tanzLa 1  Cos 0)2 ) (153)

II REAR CONE (h z > h 01) 0 > o

a) 0 01 CI
a) a 0 -

14

I

A 1tan)° ' L 2 (hJ ' - h '/2) (156)

I
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() tan- h tao <0< tan- 1  nO (157)

A 7rltan 2 2 coo 0 (h2 - hi2) -YZi + 2Cf1 "zim fc cl z

a1

I ' y( l [b1 1 - yz ] + b1' 2  sin1( 1

I
+ wIYZ) (158)

(3) tan ha' ( (159)

A = IT tan 0C co s 0(h 'l - hi'L) + z .l y

mfcl

[ -' -

I' +b' sin( (161)

ItI

-yz +'l Cb yL a. (b/ yz' bl2
+ Z lzlf z l bl'Z

I / Wl~~zl fz/ fcl Y , b2,IZ-

S+ b 21 sin- Y. + 2 W zy!(60
bl '

I ~C) 0. Of 90"

(1) YLZ > YLI = Yq

I
I



j

A = (hj 2 - h1' tan Q'2 (tana co

. 1[(in20-tan'<x 2 cos )

sin j)

+ (sin2 0 - tan 2c 2 cos 2 0)2 (161)[2

(2) y =Z >y L: 2 L2 = q LI

hi' 2 ( tan 8 1c

A (h' -1 ) tan a2 1

/ a (sin e - tanoc cos )
'r( -sin"1 sin 9

+ (sin 8 - tan Cos ) Yq Y(r u
m rcl

+ (Zh 1 ' sin 0) - YLl + al 2 (b2

bl t "-I YLr

+ sin-I Y._I I [Yzl(bl12 = Yzl )

+ blI2l 1~] blz1l
+ lt sin "I Y l Y.l 12

m mfcl

+ 2(h I sin O) (y l - Yq)) (162)

(3) yq > YLZ > YL1
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A (h 2' - hi 1 ) tll Q2 tan cf. cos

[ sin e

+ (s in 0 -ta n ol2 coos ) m (L2 - LI?

(rcl

+ 2(h 1 ' sin O)(YL2 -YLI ) + --mfc 1 (Yzl2 - Yz22

+ 2 (h 1 sin 8) (yzl - Y z) - 2 1(Y z = YL2-

+ 1) (b,' 2 
- 2 ll -

bl' [L 1 L1 +bl' L  =i

(bil y b ll sin -I(L

bI / L 1l

b2 'yz (b - YbzIj1 (4)F 1
yzl (b, y z b zI sin Yz

, b-1 2 + Lo' 2 sin ( L. I 13

whereI
h= [hi - h0 1 tanCtl (cota 1 - cotct)] (164)

I
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a i' = hi' tanc 2 cos 0 (165)

b = h.' tan o (166)

C' = h.' sin 0 (167)j 1

fcI ho1 sin 0 (168)

m tan . (169)

mfcl = 1 (170)

(sin! 0 -tan 2 cos 2 9)7
1

. ftan 2

mrc b 2 1 (170)

(sin 0 -tan 2 , cas 2  4

Q -h(ho) (171)
tan - 2

1
YLi n i (173)

-z " 1fc " ml2 - (h i sin O)z 
+-(1731

m fI 2 + a(
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W. = (h. -h )sint) (174)

1 1 01

)~ (h-h 1 )sin8 (175)

I
I
I
I
I
I
I
I
I

I
I
I
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